Weight suppression predicts the onset and maintenance of bulimic syndromes. Despite this finding, no study has examined psychological mechanisms contributing to these associations using a longitudinal design. Given societal pressures to be thin and an actual history of higher weight, it is possible that greater weight suppression contributes to increased fear of gaining weight and preoccupation with being thin, which increase vulnerability to eating disorders. The present study investigated whether greater drive for thinness mediates associations between weight suppression and bulimic symptoms over long-term follow-up. Participants were women (n ϭ 1,190) and men (n ϭ 509) who completed self-report surveys in college and 10-and 20-years later. Higher weight suppression at baseline predicted higher bulimic symptoms at 20-year follow-up (p Ͻ .001), while accounting for demographic variables and baseline bulimic symptoms, body mass index, and drive for thinness. Increased drive for thinness at 10-year follow-up mediated this effect. Findings highlight the long-lasting effect of weight suppression on bulimic symptoms and suggest that preoccupation with thinness may help maintain this association. Future studies would benefit from incorporating other hypothesized consequences of weight suppression, including biological factors, into risk models.
Bulimia nervosa (BN) was originally conceptualized by Russell (1979) as "an ominous variant of anorexia nervosa." This description was based, in part, on the observation that although not underweight, individuals with BN often present with a history of higher past weight and significant weight loss. The difference between one's highest previous adult weight and current weight has since been termed "weight suppression" (WS; Lowe, 1993) , and research has yielded accumulating support for the clinical significance of WS in BN.
Several cross-sectional studies have reported significant associations between higher WS and greater frequency of binge eating and purging in individuals with BN (Bodell & Keel, 2015; Butryn, Juarascio, & Lowe, 2011; Lowe, Thomas, Safer, & Butryn, 2007) . Furthermore, longitudinal studies support the role of WS in the maintenance of BN (Butryn, Lowe, Safer, & Agras, 2006; Keel & Heatherton, 2010; Lowe et al., 2011) . Butryn and colleagues (2006) found that higher WS at baseline in individuals receiving cognitive-behavioral treatment for BN predicted continued binge eating and purging at treatment discharge. Lowe and colleagues (2011) further identified that higher WS was associated with longer time to remission in an 8-year naturalistic follow-up study of BN (Lowe et al., 2011) . Moreover, higher WS predicted the onset and maintenance of bulimic syndromes 10 years later in a college-based community sample (Keel & Heatherton, 2010) . Some studies have failed to replicate associations between WS and treatment outcome, potentially because of reduced variability in WS or weight gain over follow-up alleviating risk conferred by WS (Carter, McIntosh, Joyce, & Bulik, 2008; Dawkins, Watson, Egan, & Kane, 2013; Zunker et al., 2011) . However, independent longitudinal studies support the clinical relevance of WS in shortand long-term outcomes in both treatment and nontreatment seeking samples.
Although previous research highlights the importance of WS in bulimic symptomatology, reasons for this finding remain unknown. To our knowledge, only one study has investigated factors contributing to observed associations between WS and bulimic symptoms (Bodell & Keel, 2015) . Based on biobehavioral theories, (Bodell & Keel, 2015; Butryn et al., 2006; Keel & Heatherton, 2010; Lowe, Davis, Lucks, Annunziato, & Butryn, 2006) , Bodell and Keel (2015) examined cross-sectional associations between WS, leptin levels, reinforcing value of palatable food, and binge eating in a sample of women with BN and noneating disorder controls. Results provided preliminary evidence that WS may contribute to binge eating through both reduced leptin levels and increased reward value of palatable foods; however, additional factors likely play a role.
Indeed, psychological aspects of WS may contribute to increased vulnerability to bulimic symptoms. It is well established that current Western sociocultural ideals of beauty contribute to body dissatisfaction and general pressures to be thin (Stice, Spangler, & Agras, 2001; Stice, Maxfield, & Wells, 2003) . Individuals who lose weight (i.e., are weight suppressed) often are positively reinforced for weight loss. This positive reinforcement may motivate some individuals to maintain their thinness and contribute to a higher drive for thinness (DT). Additionally, longitudinal studies suggest that WS contributes to greater risk for future weight gain (Carter et al., 2008; Herzog et al., 2010; Lowe et al., 2006) . Thus, those who are high in WS may develop increased fears of returning to their higher prior weights and increased preoccupation with being thin (Loth, MacLehose, Bucchianeri, Crow, & NeumarkSztainer, 2014) . These cognitions may then contribute to vulnerability to binge eat, given that high DT and dietary restraint predict onset of binge eating (Stice, Davis, Miller, & Marti, 2008) . Thus, continued thinness preoccupation may contribute to illness maintenance among those with greater WS.
Improved understanding of mechanisms driving the relationship between WS and bulimic symptoms may help inform specific treatment targets and ameliorate suffering. The purpose of the current study is to examine whether DT influences associations between WS and bulimic symptoms using a longitudinal design with 20-year follow-up across three waves of data collection. Given associations found in previous samples, we hypothesized that higher WS in college would be associated with greater severity of bulimic symptoms in midlife, controlling for bulimic symptoms in college, and that this association would be mediated by increased DT.
Method

Participants and Procedures
Participants were women (n ϭ 1,190) and men (n ϭ 509) from two cohorts of students at a northeastern university who completed self-report surveys as part of a study examining eating and healthrelated behaviors. The first cohort completed baseline surveys in 1982 and then 10-and 20-year follow-up surveys in 1992 and 2002, respectively. The second cohort was established in 1992 and completed 10-and 20-year follow-up surveys in 2002 and 2012, respectively. Approximately 78.7% (n ϭ 1,337) of the baseline sample was retained at 10-year follow-up, and 70.3% (n ϭ 1,194) was retained at 20-year follow-up. Detailed descriptions of participants and sampling procedures have been documented in prior publications (Keel & Heatherton, 2010; Keel, Heatherton, Dorer, Joiner, & Zalta, 2006; Tzoneva, Forney, & Keel, 2015) . At baseline, the mean (SD) age of the sample was 19.9 (1.8) years. Approximately two-thirds of the sample was White, non-Hispanic (66.9%), 11.1% was Asian, 5.4% was Black, and 1.9% identified as "other." Approximately 5.1% of the sample (n ϭ 86) was Hispanic. Race/ethnicity data were not available on 14.7% of the participants. The 1992 cohort included a greater proportion of individuals who identified as Hispanic ( 2 ϭ 3.88, p Ͻ .05) compared with the 1982 cohort. There were no additional demographic differences between cohorts.
All study procedures were approved by the relevant institutional review boards at the universities where the research was conducted. All participants provided informed consent before the completion of surveys.
Measures
Weight suppression. WS was calculated as the difference between self-reported current and highest previous adult weight (excluding pregnancy), consistent with its definition in prior studies (e.g., Keel & Heatherton, 2010; Lowe et al., 2006) . More important, research supports the validity of self-reported weight history in both eating and noneating disordered samples (Swenne, Belfrage, Thurfjell, & Engstrom, 2005; Tamakoshi et al., 2003) .
The Eating Disorders Inventory (EDI; Garner, Olmsted, & Polivy, 1983). The EDI bulimia and DT subscales available when the parent study was initiated in 1982 were used to measure bulimic symptoms and DT. The EDI-bulimia subscale assesses aspects of binge eating such as "I stuff myself with food." The EDI-DT subscale consists of items related to fear of weight gain and thinness preoccupation such as "I am preoccupied with being thin," "I'm terrified of gaining weight," and "If I gain a pound, I worry that I will keep gaining." These subscales have demonstrated excellent reliability and validity in previous samples (Nevonen, Clinton, & Norring, 2006; Thiel & Paul, 2006) as well as evidence of factor invariance between genders and across the ages included in the current study (Keel, Baxter, Heatherton, & Joiner, 2007; Spillane, Boerner, Anderson, & Smith, 2004) . Cronbach's ␣ for the subscales in the current study was greater than .80 across all time points.
Body mass index (BMI). Self-reported height and weight were used to calculate BMI (kg/m 2 ). Studies have demonstrated This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
high correspondence between self-reported and objectively measured height and weight in college-aged and middle-aged men and women (Imrhan, Imrhan, & Hart, 1996; Stunkard & Albaum, 1981) . Given potential associations between BMI and DT and bulimic symptoms, BMI was included as a covariate in all analyses.
Statistical Analyses
Analyses were conducted using MPLUS version 7. Little's MCAR test indicated that follow-up data were not missing completely at random ( 2 ϭ 7.33, p Ͻ .03). Sex was a significant predictor of missing data, with men missing significantly more data than women at both 10-and 20-year follow-up (e.g., 35.8% vs. 28.3%; 2 ϭ 9.29, p ϭ .002). The 1992 cohort also had a greater percentage of missing data at 20-year follow-up compared with the 1982 cohort (33.4 vs. 28%, 2 ϭ 5.85, p ϭ .02). There were no associations between missing data and eating disorder symptoms or WS, thus, maximum likelihood approach was used to handle missing data (Schafer & Graham, 2002) . A linear regression analysis was conducted to examine associations between WS at baseline and bulimic symptoms (EDI-bulimia) at 20-year follow-up. Sex, cohort, baseline bulimic symptoms, baseline BMI, and baseline DT (EDI-DT) were included as covariates. Square root transformation was used to correct for nonnormality of our bulimic symptoms at 20-year follow-up. Next, a mediational path analysis using bias corrected bootstrapped 95% confidence intervals (CI) with 10,000 bootstrap samples was used to test the indirect effect of WS at baseline via DT at 10-year follow-up on bulimic symptoms at 20-year follow-up (Preacher & Hayes, 2008 ; see Figure 1 ). Bootstrapping is a nonparametric method that generates an estimate of the indirect effect, including a 95% CI. If the CI does not contain zero, then the effect is considered to be statistically significant. Cohort, sex, baseline DT, baseline bulimic symptoms, and baseline BMI were included as covariates in the path from WS to 10-year DT. Baseline WS, cohort, sex, and 10-year DT, 10-year bulimic symptoms, and 10-year BMI were included as predictors or covariates in the prediction of 20-year bulimic symptoms. The ratio of the indirect effect to the total effect (MacKinnon, Warsi, & Dwyer, 1995) was used to estimate the proportion of the effect of WS on 20-year bulimic symptoms that operates indirectly through DT. Furthermore, R med 2 (Fairchild, MacKinnon, Taborga, & Taylor, 2009 ) was used to quantify the proportion of variance in 20-year bulimic symptoms attributable to the indirect effect. However, given a number of limitations associated with these effect size measures for mediation, including exclusion of covariates, interpretations of effects sizes should be made with caution (Hayes, 2013) . Table 1 presents means and unstandardized estimates, SEs, and effect sizes from the linear regression analysis predicting bulimic symptoms at 20-year follow-up. At baseline, participants' BMI ranged from 12.7-42.3 kg/m 2 , with the average being within a healthy range (21.8 kg/m 2 ). Baseline WS ranged from zero to 76 pounds (mean [SD] ϭ 7.0 [7.3]). As hypothesized, the linear regression analysis found that higher WS at baseline predicted greater bulimic symptoms at 20-year follow-up while accounting for sex, cohort, and baseline bulimic symptoms, DT, and BMI. WS explained 1.2% of the variance in bulimic symptoms at 20-year follow-up (see Table 1 ). Higher baseline bulimic symptoms, higher baseline BMI, and being in the 1992 cohort also predicted greater bulimic symptoms at follow-up. Overall, this regression model explained 28.4% of the variance in bulimic symptoms (r 2 ϭ .284).
Results
Regarding mediation results, findings from the path analysis appear in Figure 1 . Higher WS at baseline was associated significantly with increased DT at 10-year follow-up controlling for baseline DT, baseline BMI, baseline bulimic symptoms, cohort, and sex (CI [0.03-0.11]). Additionally, greater DT at 10-year follow-up was associated significantly with increased bulimic symptoms at 20-year follow-up controlling for 10-year bulimic symptoms, 10-year BMI, cohort, sex, and baseline WS (CI [0.02-0.11]). Consistent with our mediation hypothesis, the direct effect of WS on bulimic symptoms was nonsignificant while accounting for 10-year DT (CI [Ϫ0.02-0.03]), and there was a significant indirect effect of WS on bulimic symptoms through DT (CI [0.001-0.01]). The ratio of the indirect effect to the total effect indicates that approximately 67% of the effect of WS on bulimic symptoms occurs indirectly through DT, and approximately 3% of the variance in 20-year bulimic symptoms is attributable to this indirect effect (R med 2 ϭ .026). Given the potential for gender differences in associations among WS, DT, and bulimic symptoms, we also conducted a moderatedmediation path analysis using bias corrected bootstrapped 95% CI to test whether the indirect effect of WS on bulimic symptoms via DT was conditional on sex (Hayes, 2015) . We explored the possibility that sex moderates the path from WS to DT and/or the path from DT to bulimic symptoms. The covariates included in this model were identical to the previous mediation model with the exception of sex. Given that DT may precede weight loss and WS, we also examined an alternative model in which WS at 10-year follow-up mediated associations between DT (baseline) and bulimic symptoms (20-year follow-up). This model was identical to that described previously (see Figure 1) except that DT and WS were switched. Although DT at baseline was significantly associated with WS at 10-year follow-up (CI [0.30 -0.54]) while controlling for baseline WS, there was no significant indirect effect of DT on bulimic symptoms via WS (CI [Ϫ0.002-0.01]). These findings suggest that there is a bidirectional relationship between DT and WS; however, the pathways through which they influence bulimic symptoms may differ.
Finally, given the bidirectional relationship between DT and WS, associations found between 10-year DT and 20-year bulimic symptoms could be an artifact of higher levels of WS at 10-year follow-up. However, 10-year DT predicted 20-year bulimic symptoms while controlling for 10-year WS (data available upon request), and 10-year WS did not mediate associations between 1 Results were identical using transformed or nontransformed variables; thus, results using nontransformed variables are reported. This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
baseline DT and bulimic symptoms in our alternative model. Thus, cognitive concerns related to being thin appear to be a key link in the WS-bulimic symptoms relationship.
Discussion
The current study further supports the clinical significance of WS in bulimic symptomatology, extending the link between WS and bulimic symptoms from 10- (Keel & Heatherton, 2010) to 20-year follow-up representing midlife for our cohorts. Reducing body weight may have a lasting effect on eating behavior decades later. As such, assessment of WS and elucidating its link to bulimic behaviors may be an important aspect of prevention and treatment. Our findings indicate that increased DT may help explain this relationship across both women and men and may represent an important treatment target among those who have elevated WS.
It may be beneficial to introduce psychological consequences of WS into the psychoeducational components of prevention programs, given that WS predicts eating disorder risk factors (DT) and the onset of bulimic syndromes (Keel & Heatherton, 2010) . This information could be incorporated into existing empirically supported eating disorder prevention programs, including dissonancebased (Becker, Bull, Schaumberg, Cauble, & Franco, 2008; Brown & Keel, 2015; Stice, Marti, Spoor, Presnell, & Shaw, 2008) and healthy weight (Stice, Shaw, Burton, & Wade, 2006) programs that encourage rejection of the thin-ideal and promote a healthy, individualized body weight. Indeed, eating disorder prevention programs may be effective, in part, because of prevention of radical weight loss and eventual WS that would increase risk for BN.
In addition to informing prevention, findings from the current study provide information that may inform eating disorder treatments. Currently, evidenced-based treatments for BN (e.g., cognitive-behavioral therapy [CBT]) do not consider WS in the assessment or treatment of this disorder. A standard course of treatment emphasizes stabilizing eating patterns before addressing cognitive features. Among patients who are high in WS, targeting fear of weight gain during the first stage of CBT may be particularly crucial given evidence that those high in WS may be most likely to gain weight (Carter et al., 2008; Herzog et al., 2010; Lowe et al., 2006) . Although the current CBT manual (Fairburn, 2008) indicates that some individuals may gain weight during treatment, identifying early who is at greatest risk for weight gain improves opportunities for personalized approaches to intervention. The role of DT in mediating the link between WS and bulimic symptoms suggests that weight suppressed patients may not have to gain weight to recover from their bulimic-type eating disorder. Instead, it may be possible for them to maintain their weight while adopting healthier attitudes toward their bodies that would free them from the vicious cycle of extreme dietary restriction and large binge episodes.
Although we found that DT mediated associations between WS and bulimic symptoms, it is likely that other consequences of WS, including biological factors, also play a role. This idea is consistent with psychobiological theories of WS and BN and with our pre- Note. EDI ϭ Eating Disorder Inventory. All variables represent those at baseline; Sex coded as 1 ϭ women, 2 ϭ men. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
vious study finding correlations between WS and leptin and the reinforcing value of food (Bodell & Keel, 2015) . Although speculative, it is possible that leptin may mediate associations between WS and DT found in the current study. Specifically, low leptin and reduced satiation associated with greater WS may contribute to one's sense of needing to exert cognitive control over their eating, increasing DT, vulnerability to binge, and the continued "psychobiological bind" . Future longitudinal studies that incorporate both psychological and biological mechanisms are essential to understanding the nature of this relationship. Overall, the current study advances knowledge on the association between WS and bulimic symptoms through identifying a mediator of this relationship. Additional strengths include the use of a large community-based sample (n ϭ 1,699) with a long duration of follow-up (20-years), which allowed us to examine the longer-term consequences of WS using a naturalistic design. More important, the retention rate was high, with approximately 70% of the sample at baseline completing surveys at 20-year follow-up. Three waves of data collection allowed us to complete the first test of a mediator for the association between WS and bulimic symptoms in the literature.
Despite noted strengths, there are limitations that warrant attention. Although associations between WS and bulimic symptoms were statistically significant, the effect size was small. This indicates that WS only accounted for a limited proportion of the variance in the maintenance of bulimic symptoms, and examination of effect sizes across durations of follow-up suggests that the strength of the relationship between WS and bulimic symptoms likely decreases over time. Notably, identification of variables that continue to predict bulimic symptoms 20 years later while accounting for a variety of covariates remains remarkable. Additionally, given our interest in WS as a predictor of bulimic symptoms and the nature of this variable (calculated as the difference between highest lifetime weight and current weight-and thus, a variable that is always yoked to the time of assessment), we did not examine factors (other than DT) that predate and predict WS that also may contribute to bulimic symptoms. For example, individuals who have high levels of WS have a higher prior weight, which may reflect a drive to excessive food intake that underlies the association between WS and bulimic symptoms. Thus, future studies examining the origin of etiological processes are needed to develop the most effective interventions. Findings from the current study may not generalize to individuals across different weight spectrums, thus, future studies may benefit from examining these associations in samples characterized by a history of obesity in whom maintenance of a lower weight (i.e., high WS) may be necessary to reduce negative health consequences associated with obesity. Similarly, results may not generalize to clinical samples as there may be important differences between predictors of increased levels of self-reported bulimic symptoms and the emergence or worsening of clinically diagnosed BN. Finally, other potentially relevant covariates, such as negative affect, could not be included in analyses, because they were not measured at baseline with the 1982 cohort.
In summary, the current study adds to the growing literature on WS and bulimic symptomatology through use of a 20-year longitudinal design, including three waves of assessment, and examination of a psychological mechanism underlying this association. With over 30% of the United States adult population currently obese (Ogden et al., 2006) and an even higher proportion of individuals desiring lasting weight loss (Keel et al., 2006) , understanding the link between WS and bulimic symptoms provides important insights into how to free individuals who are weight suppressed from the risk of bulimic symptoms.
